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ABSTRACT 
 
This work reports longitudinal (RXX) and transverse (RXY) resistance as 
a function of the temperature measured at low magnetic fields for a 
Y0.55Pr0.45Ba2Cu3O7-δ polycrystalline sample. It is observed nonzero transverse 
voltage at zero external magnetic below superconducting transition and above 
no such voltage was detected. Comparing RXX (T) and RXY (T) curves it was 
possible to observe a correlation between Hall resistance and double resistive 
superconducting transition. Magneto-resistance RXX(H) measurements showed 
that the dissipation is dominated by weak coupling between superconducting 
clusters. I-V and R(T) curves of both components suggest that the positive 
Hall voltage at superconducting state must be related to quasiparticle currents. 
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1 - INTRODUCTION 
 During the last decade great attention has been devoted to the 
theoretical and experimental studying of the Hall resistance in the 
superconducting state. The most interesting behavior observed in many high 
critical temperature (TC) and in some conventional superconductors is the sign 
reversal in the Hall voltage which crosses from positive at normal state to 
negative near the critical temperature [1-13]. According to the classical model, 
the Hall effect in the mixed state should have the same sign as that in the 
normal state due to a normal current flowing through the vortex core [14-16]. 
There are several models to explain the sign changing of the Hall resistance 
[3-5,7,8], but no agreement has been achieved [17]. Some questions remain in 
discussion, if Hall effect is an intrinsic electronic property or it is related to 
vortex effect such as individual or collective motion and if pinning effects are 
important. Experiments have revealed that this Hall anomaly has been 
observed in moderate magnetic fields and must be connected with carrier 
concentration [17]. 
Another important feature of the Hall effect in the superconducting state 
is the scaling of the transverse and longitudinal resistivity, ρXY ~  (ρXX)β, 
which has been observed occur with β ~ 1.7 [17,18]. An universal scaling law 
was derived near a vortex-glass transition with the specific prediction of β = 2 
[19-21]. This scaling model predicts that the Hall conductivity should be 
independent of pinning effects, therefore, there are several reports regarding 
samples with artificially introduced defects which discuss the pinning 
dependence of σXY [17,21-23]. 
Additionally, a second sign reversal of the Hall resistance has been 
observed in several samples of high critical temperature superconductors 
[17,24-28]. In this double sign reversal, the sign of the Hall resistivity is 
positive in the normal state, changes to negative near TC and becomes positive 
again at lower temperatures. The origin of this effect remains in great 
discussion [17,27,28]. In order to explain this phenomenon, Göb et al.[17] 
have considered the Hall conductivity (σXY) into three components related to 
the quasiparticle or vortex-core contributions which is associated with the 
normal state excitations (σNXY), superconducting dissipation resulting from 
hydrodynamic vortex effects and superconducting fluctuations (σSXY), and 
pinning dependence (σPXY). The Hall conductivity is calculated using these 
three components in the following way: 
 
   σXY = σNXY + σSXY + σPXY .                             (1) 
 
More recently great attention has been given to the appearing of a 
transverse voltage at zero external magnetic field in HTSC near 
superconducting transition [29-34]. Glazman [31] proposed a model for the 
explanation of this effect in which the magnetic field produced by the current 
crossing the sample can penetrate into it in the form of vortex of different 
sign. This sign is determined by different direction of magnetic field on the 
opposite edges of the sample resulting in vortex penetration from the opposite 
one. These vortices are called vortex and antivortex which move in opposite 
direction under the influence of Lorentz force and can annihilate each other if 
the attractive interaction between them overcomes the Lorentz force. This 
means that the path of vortex and antivortex will be distorted and transverse 
voltage appears according to the Josephson relation. According to this theory 
the transverse voltage value should increase for the low transport current and 
again decrease in the higher current limit [31]. 
 Vašek et al. [31,32] have also observed transverse voltage at zero 
applied magnetic field in superconducting samples. During the last years 
Vašek´s group introduced the idea of guiding force to explain their results. It 
considers the influence of the guiding force on the moving of the vortex and 
antivortex. Vašek et al. supposed that an intrinsic pinning force related to 
linear channels inside the sample can induce vortex and antivortex motion in a 
specific direction giving a nonzero macroscopic transverse voltage [32, 33]. 
 On the other hand, effects of weak coupling between grains or 
superconducting clusters have been extensively studied in polycrystalline 
samples [35-42]. The main observed effect is the broadening of the 
superconducting transition which has been separated in two distinct regimes. 
Below the onset of the critical temperature, TCi, the reduction of the resistance 
has been related to the formation of isolated superconducting clusters inside 
sample. The decreasing of the temperature causes the beginning of connection 
of the superconducting clusters, mediated by Josephson coupling, at a 
temperature labeled TCj. This regime is non-ohmic and a further decreasing of 
the temperature produces an infinite network of connected superconducting 
clusters which leads the sample to a true zero-resistance superconducting 
state. This effect has been often related to a branching point in curves of the 
electrical resistance as a function of the temperature measured under different 
applied currents [35-38]. The weak coupling mediated by Josephson effect 
between superconducting clusters has been unambiguously determined by 
clockwise hysteresis loops in magneto-resistance measurements [38-40]. 
 Particularly in our group we have measured several magneto-transport 
properties in polycrystalline samples of the Y1-xPrxBa2Cu3O7-δ (Y123+Pr) and 
Bi2Sr2Ca1-xPrxCu2O8+δ (Bi2212+Pr) [34-36,43] systems at low magnetic fields 
in which dissipation is clearly dominated by weak coupling mechanisms. 
Based on measurements at high current limit we have suggested that the non-
ohmic regime at temperature lower than TCJ can be described by a mechanism 
due to flowing of normal current in parallel with supercurrent which is in 
agreement with the resistively shunted junction model (RSJM) [41-44]. 
 In order to obtain more information about the effects of weak coupling 
in superconducting polycrystalline samples, we have devoted efforts to 
measure Hall resistance, RXY, and electrical resistance, RXX, at low magnetic 
field limit. 
 
2 - EXPERIMENTAL PROCEDURE 
 
Polycrystalline samples of Y0.55Pr0.45Ba2Cu3O7-δ composition were 
prepared by solid state reaction technique, using Y2O3, BaCO3, Pr6O11 and 
CuO powders of high purity. Essentially, the powders were mixed in 
appropriated amounts, calcined at 800OC in air, compacted into pellets and 
sintered at 900OC for 48 hours. Crystalline phase was identified by x-ray 
powder diffractometry and in order to observe the granular structure of the 
sample we performed optical and scanning electron microscopy. The results 
revealed that the samples are single phase. 
For the transport properties measurements, one sample was cut in the 
form of square with 7.2 mm in width and 0.7 mm in thickness as shown 
schematically in the inset of the Fig. 1(b). The electrical terminals were 
prepared using low-resistance sputtered Au contacts (~0.1 Ω). The magnetic 
field, produced by a small copper solenoid, was applied perpendicular to the 
square surface of the sample. Constant current was applied by programmable 
current source (Keithley 220) and the corresponding voltage was measured 
using a nanovoltmeter (Keithley 181). The magneto-transport properties were 
measured by means of the van der Pauw technique [45,46] with permutation 
of the voltage and current contacts.  
In this method longitudinal and transverse voltages can be detected by 
permutation of voltage and current contacts. Any pair of contacts can be used 
as current contacts and the remaining pair as potential ones. The Hall and 
longitudinal voltages can be formulated as, respectively  
VXY = [VAC,BD(H) – VBD,AC(H)]/2                                                          (2) 
VXX = [VAB,CD(H) – VCD,AB(H)]/2                                                         (2). 
Noise thermopower effects has been eliminated by reversing the transport 
current (I) in the sample under study. Thus, to obtain longitudinal (VXX) and 
transverse voltage (VXY), eight voltage signals were measured. Now the VXX 
and VXY components are calculated from a combination of eight records, 
which can be symbolically expressed as 
VXX = { [ VAB,CD(+I) – VAB,CD(-I) ] + [ VBC,AD(+I) – VBC,AD(-I) ] }/4          (4) 
and  
VXY = { [ VAC,BD(+I) – VAC,BD(-I) ] – [ VBD,AC(+I) – VBD,AC(-I) ] }/4,         (5) 
 It was crucial to perform the measurements of the four components in 
Eq. (4) and (5) in constant experimental circumstances, especially the 
temperature, in order to achieve reproducible results. 
Data acquisition and calculation of VXX and VXY using Eqs. (4) and (5) 
were done in real time on a computer. Both longitudinal and perpendicular 
resistance components were defined by calculating V/I for each direction. 
 
3 - RESULTS AND DISCUSSION 
 
In Figure 1 (a) is shown the electrical resistance as a function of the 
temperature measured at different applied currents for zero applied magnetic 
field for the Y0.55Pr0.45Ba2Cu3O7-δ polycrystalline sample. One can see that the 
onset of the critical temperature (TCi) is close to 42.5 K and the width of the 
transition is as large as in other highly Pr doped Y123 polycrystalline samples 
[41,42]. Two distinct behaviors can be seen below the critical temperature TCi. 
The first regime, between TCi and TCj, is ohmic and can be related to the 
formation of isolated superconducting clusters which reduce the equivalent 
resistance of the sample with decreasing the temperature. Below TCj the 
resistance curve broads gradually with increasing the applied current. This 
current dependence has been suggested to be related to the Josephson coupling 
between superconducting clusters which leads the samples to a true 
superconducting state at low applied current with decreasing temperature [35-
40, 42]. We have also confirmed these TCi and TCj values by calculating dR/dT 
for the both components. In the Fig. 1 (b) the results of the longitudinal 
resistance as a function of temperature measured under different applied 
magnetic fields from zero up to 48 Oe are shown. In this figure one can see 
the broadening of the superconducting transition increasing applied magnetic 
field. 
To confirm that the dissipation is indeed related to the coupling between 
superconducting clusters we performed magneto-resistance measurements at 
low temperatures. Figure 2 shows clockwise hysteresis loops measured at 4.2 
K for three different applied currents. The results demonstrate unambiguously 
that the dissipation at low temperature (T<TCj) is effectively due to weak 
coupling between superconducting clusters such as pointed out by several 
authors [38-40,42]. 
The Fig. 3 displays RXX and RXY as a function of the temperature for the 
sample with Y0.55Pr0.45Ba2Cu3O7-δ composition measured under different 
magnetic fields (H = zero and HA = 4.8 Oe). From Fig. 3 (a) one can clearly 
see that below critical temperature nonzero transverse voltage appears at zero 
applied magnetic field. We can observe a sign change (to negative) below Tci. 
Moreover, a sign change from negative to positive with decreasing 
temperature is also observed (see arrows). The fact of observing Hall 
resistance in zero applied magnetic field is shocking. In the mixed state of 
superconductors, the Hall resistance is resulting from vortex hydrodynamics 
produced by the current going through sample [1-10]. In principle, at zero 
applied magnetic field there is no vortices and transverse voltage should be 
zero. However, transverse voltage in zero magnetic fields has been recently 
observed in different HTSC materials [32,33]. Near TC, it is observed the 
existence of free vortex in the mixed state which can be generated without 
application of external magnetic field. In superconductors, vortex-antivortex 
pairs may be excited as a result of the thermal fluctuation, or an induced by 
transport current thought sample on the opposite sides of it. Our results can be 
understood based on existence of induced vortex-antivortex pairs and on 
application of the guiding vortex model [33]. The theory of the guiding of the 
vortices was proposed to explain the even effect in superconductors which 
supposes the existence of new force acting on the vortex. This force, called 
guiding force, impels the vortex to move only in a given direction that is 
determined by the direction of the pinning potential valley. However, the 
nature of this pinning potential form has not been completely understood. One 
of the promising models is the intrinsic pinning model which supposes that the 
origin of guiding forces is due to layered structure of the HTSC [32]. Other 
mechanisms, as grain boundary guiding in polycrystalline materials for 
example, should be kept in mind. This model appear seems to offer a 
consistent explanation of our results. The results for HA = 4.8 Oe are presented 
in Fig. 3 (b). In the normal state (T>TCi) the transverse resistance presents 
positive signal and in the superconducting state can be seen the double sign 
reversal which is in agreement with other results for high-TC superconductors. 
Another important observation in longitudinal and transverse resistance 
measurements is the fact that at TCi and TCj the Hall resistance changes sign 
(see Fig. 4). This fact is interesting and was also observed for other 
superconducting materials [34]. The Fig. 4 shows RXX (upper) and RXY 
(lower) curves measured at different applied currents under applied magnetic 
field of 4.8 Oe. The non-ohmic behavior in the RXX component at 
temperatures lower than TCj is correlated to a positive sign of the Hall 
resistance which also exhibit current dependent behavior. The crossover from 
positive to negative in the Hall voltage at the superconducting state increasing 
temperature was observed to occur essentially at the same temperature of the 
branching point (TCj) in the RXX component (see arrows in inset of the Fig. 4). 
Between TCi and TCj, the RXX component is not current dependent which 
indicates that the sample reached an ohmic state in which superconductivity is 
localized inside superconducting clusters [42]. At this temperature range, we 
also observed that the RXY component is negative and it does not also exhibit 
current dependence. The origin of this behavior in the transversal component 
is not understood yet but represents an important aspect related to the 
intragranular superconducting transition. Finally, at T = TCi, the RXY 
component goes back to the positive sign as expected for the hole-doped high 
critical temperature superconductors [1-10]. 
Based on results concerning the dissipation in granular superconductors 
described within RSJM [41,44], the VXX(H) results show that the dissipation is 
related to the weak coupling suggesting that the positive Hall voltage at low 
current limit must take into account the contribution due to the motion of 
single particles which can flow in parallel with a supercurrent [41-44]. In 
order to confirm this assumption, we present in the Fig. 5 some I-V 
characteristic curves for the longitudinal and transverse components measured 
at different magnetic fields. At high current limit (see inset) the longitudinal 
component presents similar shape of the I-V curves reported before [41,44]. 
At 4.2 K and low current limit it was observed that the positive Hall voltage 
increases with increasing magnetic field indicating correlations with normal 
particle currents. On the other hand, at high applied current a further 
increasing of the applied magnetic field causes a reduction of the Hall voltage 
which suggests the existence of competition between dissipation produced by 
intragranular flux motion and quasiparticle currents [42]. 
Now, let us to discuss the negative signal of the RXY component related 
to the intragranular transition. Between TCj and TCi the current flows 
essentially as normal current which agrees with the ohmic regime discussed in 
the introduction. Thus, RXY component should present only effects of the 
normal carriers. Therefore, such as shown in precedent paragraph the 
increasing of the applied magnetic field induces a competition between both 
normal current and intragranular flux motion contributions to the transversal 
component at high current limit. We can understand the effect of the 
temperature in a similar manner. With increasing temperature the negative 
Hall voltage contribution described by motion of intragranular vortices 
becomes comparable with the positive Hall voltage described by normal state 
carriers. If intragranular contribution is increased a negative sign to the Hall 
component with increasing temperature must appear. In the Figure 6 is 
presented a good experimental evidence for such an interpretation. The RXY(T) 
curves measured at 70 mA under three different applied magnetic fields show 
a reduction of the temperature which RXY crosses from positive to negative 
sign increasing the applied magnetic field. 
Finally, in order to compare our results, we discuss the transport 
properties reported by Khosroabadi et al. [28] for a Gd0.90Pr0.10Ba2Cu3O7-δ 
polycrystalline sample. The electrical resistance as a function of the 
temperature of that sample presents double transition which can be understood 
as a granular character of the samples [35-38]. Thus, we suggest that the 
observable positive Hall coefficient in the polycrystalline superconducting 
samples can be related to granularity properties of weakly coupled 
superconductors. 
 
4 CONCLUSION 
 
It is reported longitudinal and transverse resistance as a function of the 
temperature measured at low magnetic field for the Y0.55Pr0.45Ba2Cu3O7-δ 
polycrystalline sample. Hall resistance measurements presented double sign 
reversal which seems to be related to weak coupling effects. Clockwise 
hysteresis loops observed in the longitudinal magneto-resistance confirm the 
hypothesis that RXX and RXY components were measured at low temperature in 
the regime dominated by the dissipation due to weak coupling between 
superconducting clusters. It is observed nonzero transverse voltage at zero 
external magnetic field below superconducting transition (TCi). We also 
observed that there is a correlation between Hall and longitudinal resistances. 
The branching point in the RXX component was observed to occur essentially 
at same temperature in which Hall voltage crosses from negative to positive 
sign at superconducting state with decreasing temperature. This behavior is 
interesting and was also observed for other superconductors systems [34]. We 
suggest that the positive Hall voltage at superconducting state can be related to 
the quasiparticle currents which agree with our recent discussion about the 
two-fluid currents flowing in superconducting samples [43]. 
 
ACKNOWLEDGEMENTS 
 
This work has been supported by FAPESP (00/03610-4 and 97/11113-
6) and CNPq. The authors would like to thank C. Y. Shigue for his 
suggestions. 
 
 
REFERENCES 
 
[1] S. J. Hagen, C. J. Lobb, R. L. Greene, M. G. Forrester and J. H. Kang, 
Phys. Rev. B 41 (1990) 11630. 
[2] T. R. Chien, T. W. Jing, N. P. Ong and Z.Z. Wang, Phys. Rev. Lett. 66 
(1991) 3075. 
[3] A. Freimuth, C. Hohn and M. Galffy, Phys. Rev. B 44 (1991) 10396. 
[4] Z. D. Wang and C. S. Ting, Phys. Rev. Lett. 67 (1991) 3618. 
[5] R. A. Ferrel, Phys. Rev. Lett. 68 (1992) 2524. 
[6] S. J. Hagen, A. W. Smith, M. Rajeswari, J. L. Peng, Z. Y. Li, R. L. Greene, 
S. N. Mao, X. X. Xi, S. Bhatacharya, Qi Li and C. J. Lobb, Phys. Rev. B 47 
(1993) 1064. 
[7] A. V. Saimolov, Phys. Rev. Lett. 71 (1993) 617. 
[8] J. M. Harris, N. P. Ong and Y. F. Yan, Phys. Rev. Lett. 71 (1993) 1455. 
[9] M. N. Kunchur, D. K. Christen, C. E. Klabunde and J. M. Phillips, Phys. 
Rev. Lett. 72 (1994) 2259. 
[10] W. Lang, G. Heine, P. Schwab, X. Z. Wang and D. Bäuerle, Phys. Rev. B 
49 (1994) 4209. 
[11] A. V. Saimolov, Phys. Rev. B 49 (1994) 1246. 
[12] A. W. Smith, T. W. Clinton, C. C. Tsuei and C. J. Lobb, Phys. Rev. B 49 
(1994) 12927. 
[13] W. Lang, W. Göb, J. D. Pedarnig, R. Rössler and D. Bäuerle, Phys. C 
364-365 (2001) 518. 
[14] Y. B. Kim, C. F. Hempstead and A. R. Strnad, Phys. Rev. 139 (1965) 
A1163. 
[15] J. Bardeen and M. J. Stephen, Phys. Rev. 140 (1965) A1197. 
[16] P. Nozières and W. F. Vinen, Phil. Mag. 14 (1966) 667. 
[17] W. Göb, W. Liebich, W. Lang, I. Puica, R. Sobolewski, R. Rössler, J. D. 
Pedarnig and D. Bäuerle, Phys. Rev. B 62 (2000) 9780. 
[18] J. Luo, T. P. Orlando, J. M. Graybeal, X. D. Wu and R. Muenchausen, 
Phys. Rev. Lett. 68 (1992) 690. 
[19] V. M. Vinokur, V. B. Geshkenbein, M. V. Feigel`man and G. Blatter, 
Phys. Rev. Lett. 71 (1993) 1242. 
[20] N. B. Kopnin and V. M. Vinokur, Phys. Rev. Lett. 83 (1999) 4864. 
[21] Wu Liu, T. W. Clinton and C. J. Lobb, Phys. Rev. B 52 (1995) 7482. 
[22] W. N. Kang, D. H. Kim, S. Y. Shim, J. H. Park, T. S. Hahn, S. S. Choi, 
W. C. Lee, J. D. Hettinger, K. E. Gray and B. Glagola, Phys. Rev. Lett. 76 
(1996) 2993. 
[23] A. V. Samoilov, A. Legris, F. Rullier-Albenque, P. Lejay, S. Bouffard, Z. 
G. Ivanov and L.-G. Johansson, Phys. Rev. Lett. 74 (1995) 2351. 
[24] S. J. Hagen, C. J. Lobb, R. L. Greene and M. Eddy, Phys. Rev. B 43 
(1991) 6246. 
[25] A. V. Saimolov, Z. G. Ivanov and L.-G. Johansson, Phys. Rev. B. 49 
(1994) 3667. 
[26] W. N. Kang, S. H. Yun, J. Z. Wu and D. H. Kim, Phys. Rev. B. 55 (1997) 
621. 
[27] K. Nakao, K. Hayashi, T. Utagawa, Y. Enomoto and N. Koshizuka, Phys. 
Rev. B 57 (1998) 8662. 
[28] H. Khosroabadi, V. Daadmehr and M. Akhavan, Phys. C 384 (2003) 169. 
[29] T. L. Francavilla and R. A. Hein, IEEE Trans. Mag. 27, (1991) 1039. 
[30] T. L. Francavilla, E. J. Cukauskas, L. H. Allen, and P. R. Broussard, 
IEEE Appl. Sup. 5, (1995) 1717. 
[31] L. I. Glazman, Sov. Low. Temp. Phys. 12, (1986) 389. 
[32] P. Vašek, I. Janeček, and V. Plecháček, Phys. C 247, (1995) 381. 
[33] P. Vašek, H. Shimakage, and Z. Wang, Phys. C 411 (2004) 164. 
[34] M. S. da Luz, F. J. H. de Carvalho Jr., C. A. M. dos Santos, C. Y. Shigue, 
and A. J. S. Machado, Phys. C 419, (2005) 71. 
[35] A. Gerber, T. Grenet, M. Cyrot and J. Beille, Phys. Rev. Lett. 65 (1990) 
3201. 
[36] M. Prester, E. Babić, M. Stubičar and P. Nozar, Phys. Rev. B 49 (1994) 
6967.  
[37] R. F. Jardim, L. Ben-Dor, D. Stroud and M. B. Maple, Phys. Rev. B 50 
(1994) 10080. 
[38] M. J. R. Sandim and R. F. Jardim, Phys. C 328 (1999) 246. 
[39] Y. Kopelevich, V. V. Lemanov and V. V. Makarov; Sov. Phys. Solid 
State 32 (1990) 2095. 
[40] L. Ji, M. S. Rzchowski, N. Anand and M. Tinkham, Phys. Rev. B 47 
(1993) 470.  
[41] C. A. M. dos Santos and A. J. S. Machado, Phys. C 354 (2001) 213. 
[42] C. A. M. dos Santos, M. S. da Luz, B. Ferreira and A. J. S. Machado, 
Phys. C 391 (2003) 345. 
[43] C. A. M.dos Santos, C. J. V. Oliveira, M. S. da Luz, A. D. Bortolozo, M. 
J. R. Sandim, and A. J. S. Machado, Two-fluid model for granular 
superconductors; Los Alamos National Laboratory, Preprint Archive, 
Condensed Matter (2006), 1-6, arXiv:cond-mat/0601064. 
[44] A. J. Legget, In Percolation, Localization and Superconductivity, ed. A. 
M. Goldman and S. A. Goldman, Plenum Press, New York, p. 5, 1983. 
[45]L. J. van der Pauw, Philips Res. Rep. 13, (1958) 1. 
[46] L. J. van der Pauw, Philips Tech. Rev. 20, (1959) 220. 
 
FIGURE CAPTIONS 
 
FIG. 1 – (a) Electrical resistance as a function of the temperature R(T) 
measured at zero applied magnetic field and different applied currents for the 
sample with Y0.55Pr0.45Ba2Cu3O7-δ composition. (b) R(T) measured at different 
applied magnetic fields for the same sample In inset is shown a schematic 
view of the electrical contacts used during the measurements of the 
longitudinal (VXX) and transversal (VXY) voltages. 
 
FIG. 2 – Magneto-resistance hysteresis loops measured at 4.2 K for 
three different applied currents. 
 
FIG. 3 – (a) Longitudinal (RXX) and Hall (RXY) resistances measured at 
zero applied magnetic field. (b) RXX and RXY resistance measured at applied 
magnetic field of HA = 4.8 Oe. 
 FIG. 4 – Longitudinal (RXX) and Hall (RXY) measured under at applied 
magnetic HA = 4.8 Oe at different applied currents. 
 
FIG. 5 – Current-voltage characteristic curves of both RXX and RXY 
components measured at 4.2 K for different applied magnetic fields. Inset 
highlights the longitudinal component at high applied current limit. 
 
FIG. 6 – Decreasing of the temperature in which occurs the crossover 
from positive to negative in the Hall resistance with increasing applied 
magnetic field. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
